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Dark Matter Production igambye et. a1 (2019
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https://arxiv.org/abs/1908.09864

technische universitat Theoretische Physik III /

dortmund
Fakultat Physik

Boltzmann Equations

Boltzmann-Equations

dY r Yi Y
g (M-I 3%)

iel z feF

Process Efficiency? — Compare I to H ~ T*Mp}
— If I' < H process decouples; If I" > H process is in equilibrium

Mathias Becker Dark Matter Production 3/25



technische universitat Theoretische Physik III /

dortmund
Fakultat Physik

Dark Matter Production (chu,mambye Tytgat (2011)]
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Do not forget: We assume (SM-DM) = (SM-Mediator) - (Mediator-DM)
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Dark Matter Production — Freeze-Out
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Dark Matter Production — Freeze-Out
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YDM3>VDM2>VDM,1

= DM density decreases with an
increasing coupling

= Qpm ~< ov >~ Mpum

= Typically bounds DM mass
from above
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Dark Matter Production — Freeze-Out
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Dark Matter Production — Freeze-In (man et. a2009))
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Dark Matter Production — Freeze-In (man et. a2009))
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= DM density increases with an
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increasing coupling
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Dark Matter Production — Freeze-In

Mediator

Mediator
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Log4o[DM-Mediator coupling]
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Dark Matter Production — Dark Freeze-Out
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Dark Matter Production — Dark Freeze-Out
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Dark Freeze~Out

= Energy transfer into the dark
sector (DS) stops before the DS
self-interactions decouple.

= A larger SM-DS coupling
increases Qpm

m A larger DS self-interaction
decreases Qpw.
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Dark Matter Production — Reannihilation
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Dark Matter Production — Reannihilation

— Yom
— Yiediator
— Ya

Reannihilation

= Energy transfer into the dark
sector (DS) stops before the DS
self-interactions decouple.

» A larger SM-DS coupling
increases Qpum

m A larger DS self-interaction
Mathias Becker Dark Mafter Production 8/25



technische universitat Theoretische Physik IIT /

dortmund
Fakultat Physik

Dark Matter Production — Reannihilation
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Experimental Constraints

SM DM

SM DM
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Direct Detection
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et. al (2018)]

[1903.03026]
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Direct Detection
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Collider Constraints

m Requires a sizeable SM-DM or SM-Mediator coupling.
m Large SM-DM : DM production and its signatures, e.g. missing energy.

m Large SM-Mediator can test feeble SM-DM interaction via long-lived
particle searches.
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LHC frlendly Freeze-In (selanger ot al (2018))
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== m=12KeV, Ty - 100GeV.

12keV, T = 10“GeV.

1 MeV, T =10°GeV

10 MeV, 7 = 10°GeV.
DV@13TeV

— HSCP

m Lines indicate correct

relic density

= Hadronic model:
mpr > 1.5TeV

= A measurement of the
leptonic model might

rule out certain

leptogenesis scenarios
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Collider Constraints
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Astrophysical Constraints

Tremaine-Gunn bound: Phase space-density in small halos leads to
Mpwm = 5keV for fermions.

BBN constraints particles that interact strongly with e*, ~ or v:
Mpwm 2 10MeV (very model dependent).

~

DM self-interaction is constrained to I\C;IDDTA < 1% from Bullet Cluster.

Lyman-a measurement typically requires Mpwm 2 5keV for thermal DM.
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Indirect Detection

m Typically less powerful than direct detection.

m Concept: DM annihilates into SM particles which can be observed on earth,
e.g. y-rays.

m For feebly interacting DM: DM decay products might be observed.
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Portals to Dark Matter

Higgs Portal Vector Portal Neutrino Portal
2 _
(¢'¢) n BBy, Lovr
[Arcadi,Djouadi,Raidal (2019)] [Hambye et. al (2019)]
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Portals to Dark Matter

Higgs Portal Vector Portal Neutrino Portal
2 _
G BB, Lovr
[Arcadi,Djouadi,Raidal (2019)] [Hambye et. al (2019)]

= N itself can be a DM candidate

— simplest scenario tightly constrained from Lyman-a and N — vy
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The Neutrino Portal to Dark Matter

= Dark sector: Fermion x and scalar 7, stabilized by U (1) or Zs.

L = Lsm + Liin,ds — Vse. — (Tr [(yv oL + yxnxr] + h.c.)
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The Neutrino Portal to Dark Matter

m Dark sector: Fermion x and scalar 7, stabilized by U (1) or Zs.

L = Lsm + Liin,ds — Vse. — (Tr [(yv oL + yxnxr] + h.c.)

Type-1 seesaw Inverse seesaw Type-I seesaw
Freeze-Out Freeze-Out Freeze-In

[Escudero,Rius,Sanz (2016)] [Batell et. al (2017)] [MB (2018)]
[Escudero,Rius,Sanz (2016)] [Batell,Han,Es Haghi (2017)] [Chianese,King (2018)]
[Gonzalez Macias et. al (2016)]
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Vacuum Stability 1

Scalar Potential

£ —min® — Aan’ — Agy <¢T¢> n° — VX XVRT

HEHHHHH it
i
1] ——
;H;ﬂ;;“ gggs Vacuum unstable
;“Hi §§§ §§§§ « Az non-pertubative
i g

T i

Mathias Becker Portals to Dark Matter: Neutrino Portal

20/25



technische universitat Theoretische Physik IIT /
dortmund
Fakultat Physik

Vacuum Stability 11
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Neutrino Portal: Inverse Seesaw
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Fermionic Higgs Portal
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u Requires UV-completion.

m Mainly constrained by direct detection and Higgs invisible decay width.
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Fermionic Higgs Portal

Fermion Higgs Portal
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u Freeze-In scenarios still viable but
UV-complete discussion necessary.

» Typically a ’Freeze-In A’ scenario.

= Important: UV-complete
discussion of freeze-out scenario
can open up the parameter space
again

DARWIN
5 10 50 100 500 1000
my[GeV]
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Conclusions

= bla
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